A Process for Contour Control Machining of Metal Blocks 

This application claims the benefits of Provisional Patent Application Serial No. 60/1 14,916, 
filed January 5, 1999. 

Background of the Invention 

The present invention relates to the machining of engineering components having 
complex curved shapes and particularly to the machining of components having multiple 
complex curved surfaces in a single engineering component such as the root section of turbine 
blades. 

When a root section of a turbine blade is produced by machining, the machining can be in 
several procedures, each requiring a separate machining operation with separate set-up 
requirements. These procedures can include cutting of the material stock to rough required 
shape, milling to required dimensions of the required stock dimensions, de-burring, grinding, 
machining again to required dimension; roughing the root section of the turbine blade by milling, 
rough and finish milling of the hook curvature of the root section, a final taper machining and 
hand grinding v^ith sides milling to obtain the finished root section of a turbine blade. The 
finished root section of the turbine blade itself often has to satisfy allow^able tolerances pertaining 
to that particular dimension, thickness, shape and curvature. 

^ V \ Presently, the method of preparing these root sections of a turbine blade with the many 
successive machining operations requin^separate tolerance measurements, separate machining 
operations and multiple set-ups. The ihstant invention has been devised with the view to 
substantially eliminating the many se^parate procedures inherent in the prior art of machining root 
sections of turbine blades and has a6 its essential object an improved method for machining the 
root section of a turbine blades oij/a vertical or horizontal machining center with rotary table. 

Summary of the Invention 

In the machining of certain metal objects, such as turbine blades, machine gears with 
multi-faceted contours, multiple surfaces can be required to properly meet design requirements 
such as concave and convex surfaces, which meet and co-exist upon the same planar surface. In 
the process of manufacturing such metal objects with continuous planar surfaces, co-existent 
concave and convex surfaces are typically prepared by milling a metal block with a milling 
machine to prepare the required planar curved surfaces with high accuracy. 

The mstant invention comprises a process for contour control machining of metal blocks 
by providing a control procedure for standard computer numerical control conventional milling 
machines to machine convex and concave curvature on a vertical machining center with rotary 
table or horizontal machining center with integrated rotary table. 

The instant invented process reduces the number of separate procedures required in a 
conventional machining procedure using a conventional milling machine by permitting all metal 
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cutting and machining steps to be done on a vertical or horizontal machining center. All cutting, 
grinding and machining is performed on one milling machine in contrast to the use of more than 
one cutting machining, grinding, and milling machine required in a conventional process. 

Brief Description of the Drawings 

Figure 1 is a perspective view of turbine buckets mounted upon a rotary fixture with the 
form cutter displayed; 

Figure 2 is a perspective of turbine buckets mounted upon a rotary fixture with a form 
cutter approaching (angle -Q)° cutting operation; 

Figure 3 is a perspective of a turbine bucket mounted upon a rotary fixture with a form 
cutter engaged in a cutting operation; (angle 0)°; 

Figure 4 is a perspective view of turbine buckets mounted upon a rotary fixture with the 
form cutter ending the cutting at angle +Q°; 

Figure 5 is a more detailed diagram of the Figures 2, 3 and 4. 

Figures 2, 3, 4 and 5 accordingly illustrate the control process as applied to the hook 
curvature required of the turbine blade base to permit installation of the turbine blade member 
upon a turbine rotor. 

Figures 2, 3, 4 and 5 detail the process of programming a milling machine to cause the 
milling machine to mill concave and convex surfaces to cause the resulting root section of the 
turbine blade to be mounted upon a turbine rotor in a precise fit. 

Detailed Description 

p The invention comprises computer aided program for a milling machine to machine 

precise concave and convex surfaces within a metal block so as to form the base section of a 
turbine blade, called the root section (1). The root section of the turbine blade is designed to fit 
within precise tolerances upon a circular turbine wheel. The rotation of the rotor in use generates 
extreme centrifugal force. The separate construction of turbine blades, requires that the fit of the 
turbine blades upon the rotor be within precise limits and that the separate turbine blade 
components be identical to avoid misalignment of the turbine rotor with possible vibration during 
operation. 

The root section of the turbine bMe is designed to fit within precise tolerances upon a 
/ circular rotor. Because of the curvatures of the mating surface of the root section of the turbine 
blade and the mating section of the cir/ular rotor, the machining of the root section of the turbine 
blade requires convex movenients of/he form cutter tool (9) and the rotating of the rotary table 
(7) which holds the turbine blades. The form cutter (9) travels on a convex line (center line. See 
Figure 5) from point A to point L allowing convex pad (E+R), the form cutter spins and 
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machine simultaneously rotates from angle -Q° to angle (See Figure 5) this operation can 
be also approached at poinyL and finished at point A. 

Reference to Figures 2, 3, 4 and 5 illustrates the movements described above. The form 
cutter will engage the blank root section (See Figure 2) which is to be approach at Point A (See 
Figure 5) and v^U effectively be positioned to engage the root section along the convex line 
extending to the left which, in Figure 5, passes through Point L. However, because of the 
rotation of the rotary table from angle through angle +Q° the form cutter will engage the root 
section along the convex pad (E+R) extending to the left of Figure 5 through the midpoint of 
Figure 5 at Point C. 

At Point C, the effect of the rotary motion of the rotary table in the opposite rotary angle 
of +Q° occurs and the form cutter engages the root section along the line from Point C to Point L. 

The position of the rotary foAi cutter is moved closer to the root section as is required to 
/cut the three identical cut surfaces y^hich form holding keys. Reference to Figure 5 explains the 
movement of the form cutter. Asyshown in Figure 5, radiuses R, R+Dl, and R+D2 are radiuses 
on the part and are depicted by Blgures 1 , 2, 3, and 4. 

The details of Figure 5 are as follows: 

E + R = Value of convex radius obtained from construction of points L, C, and A; (shown 
as a center line) 

L = Minimum distance P and distance M determined by angle +Q°; 

C = Minimum distance E determined by angle 0°; 

A = Minimum distance F and distance Y determined by angle -Q°; 

V = Distance from point L (center of cuter) to comer of part after rotation; 
M = Distance from point L to center of the rotation; 

S = Distance from comer of taper side to center of gravity (dimension from Figure 5 
drawing); 

K = Distance from center of gravity to straight side (dimension from Figure 5); 
G = Smaller pitch of blade (dimension from Figure 5); 

Y = Distance from center of the rotation to point A; 

W = Distance from point A to comer of part after rotation; ' 
Dl = Distance from first hook to middle hook (dimension from Figure 5); 
^ . D2 ^ Distance from first hook to third hook (dimension from Figure 5); 
^ ^ R = Radius on first hook j^imension from Figure 5) holding key; 
)> E = Distance ^om center of rotary table to first hook holding key; 

-Q° = Angle of rotation to the right (needs to be chosen accordingly so W is greater than 
the radius of the cutter); 

= Angle of rotation to the left (needs to be chosen accordingly so V is greater than 
the radius of the cutter; 

P = Distance from center of rotary table to point L; 
F = Distance from center of rotary table to point A; 
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J = Distance from the end of the blade after machining to the center of the rotary table 
(actual measured distance); 

N = Distance from the end of the blade to the first hook measured in the centerline 
(dimension from Figure 5). 

The invented process uses a commercially available computer program for the process for 
machining the root sections of the turbine blades. 

Commercially available program(s) can be used with a vertical or horizontal machining 
center v^ith standard controls as an operating system. The program is used, based upon a 
trigonometric construction developed as indicated in Figures 2, 3, 4 and 5. As a particular 
example, program typing in manual mode by operator, points coordination's (A and L), angles 
(+Q'' and -Q°) and radius (E+R) are obtained by CAD simulation program as follows: 


In detail, the method of making the CAD simulation is as follows: 

The general systematic explanation of making CAD simulation using variables is as 
follows: 

Radiuses R, R + Dl , and R + D2 are radiuses to machine on the part and are depicted by 
Figiu-e 5 

A first trapezoid (continuous line) with three extended radiuses (R, R + Dl, R + D2) is 
drawn in angle 0°; Dl is the distance from first hook (10) to middle hook (1 1). D2 is the distance 
from the first hook to a third hook (12). This operation is applicable to turbine buckets with any 
number of hooks. 

A second trapezoid (dash-dot line) with three radiuses is the rotated copy of the first 
Figure with radiuses to angle -Q°. 

A third trapezoid (hidden line) with radiuses is the rotated copy of thefirst Figure with 
radiuses to angle +Q°. 

For both rotations, the center of rotation is the center of the rotary table. 
Point C is defined by minimum distance E 
Point A is defined by minimvmi distance F 
Point L is defined by minimum distance P 

From the construction of points L, C, and A, a new radius valued E + R is determined 
In this point, the value of the new constructed radius is the sum of radius E + radius R 
Radius E is the distance from the center of rotation (center of rotary table) to the hook with 
radius R. The radius valued E + R is trigonometrically constructed; 

The radius R is concave and radius E + R is convex. Dimension E can be chosen or determined 
after the setup is done but must be known to make this construction. Dimensions V & W are 


G00G90X0.Y-1.7921Z2.A85.2 
GOOZ-1.7011 M8; 

G02X0.Y1.7921Z-1.7011R21.417A94.8F.003 


Law Office of Leon L Edeison, 39 5. LaSalle Street, Suite 1120, Chicago, IL 60603-1 706 
Tel 312.8493333; Fax 31Q.849.3399; E-mail leoniplaw@aoLcom 


For Contour Control Machining Cl^^t 
PaQe 5 


Patent Application for A Pi^^s For Contour Control Machining C^^tal Blocks 

Page 5 

determined by the angle +Q° & -Q''. These dimensions have to be greater than the radius of the 
cutter so the cutter can clear the part when it approaches. 

^ 7/^ Figures 2, 3, 4 and 5, describe one machining cutting pass for machining the curvature on 
the hooks as determine^ b the controlling programming in use. 

The form cutter approaches the turbine bucket at point A of angle -Q°. The position of 
the root section (1) and fixture is on angle - Q°. See Figure 2. From this point, the form cutter 
travels (and cutter spins simultaneously) in radius E + R (convex line) to point L. (See Figure 3, 
4, and 5) and rotary table simultaneously rotates left to angle This operation can be 
approached at point L and finished at point A. 

In a machine cutting by the invented method, the cutter centerline is constantly 90"^ to 
theoretical line which is tangent to arc in the cutting point. This action is obtained in two 
conventional methods for machining the curvature on the hooks by manual machines. One of 
them is the spindle on a pivot. The distance from the cutter to the pivot controls the radius 
machined on the hooks. In this method, the turbine bucket is a stationary part. In the second 
method, the turbine bucket(s) are installed on a rotary table and the radial position on the table 
controls the radius on the hooks. The CAD programming for machining and machining the 
2 curvature on the hook(s) is the main factor that makes the process possible to machine the root 
section of the turbine buckets completely in one setup. 

\M This method described above using CAD programming completely machines the root 

In section of rotating turbine buckets on a three axis computer numerical control vertical machining 

center with rotary table for small turbine buckets or three axes computer number control 
JL, horizontal machining center with integrated rotary table for large turbine buckets. 


In contrast, the prior art for machining the root section of a turbine blade can be as 
follows: 


Q 1 . Cutting material 

2. Machining on thickness (milling) 

3 . Deburring by hand 

4. Grinding on thickness 

5. Machining on width (milling) 

6. Deburring by hand 
. 7. Grinding on width 

Syjh ^' Roughing bj^ik's shape and tang fits (milling) 

^ 9. Rough taper machining (milling) 

10. Machining hook's curvature [(rough and finish) milling] 

1 1 . Final taper machining on sinus table (milling) 

12. Hand grinding comers on dovetail shape 

13. Sides machining (milling) 

14. Steam balance machining if required 
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These fourteen steps are separate and required to be moved for one machine to another 
for each step. 

In the instant invention, all steps can be done on the vertical machining center with rotary 
table (for smaller buckets) or horizontal machining center with main rotary table (in this 
machine, the rotary table is larger and more rigid and is more suitable for larger buckets) with the 
following procedure: 

1. Cutting material 

2. Grinding on thickness (one side only) to clean up 

3. Machining & one setup for complete root section (rough and finish); 


A. Taper side machining (rough and finish) 

B. Straight side finish 

C. Roughing hooks and machining tang fits to finish or with stock 

D. Machining curvature on hooks (rough and finish) using special progranmiing 

E. Machining sides to finish 

F. Machining comers on dovetail shape (hand operation in previous process) 

G. Steam balance hole machining also can be done in this setup if required 


By comparing both methods, one can see fewer people are required, the product is made 
more precisely, and it is easier to control quality during production. In the invented process, it is 
possible to concentrate many operations into one setup because step D is possible to do in an 
integrated step. 

In the prior art, this operation of Step D had to be separate. The way it was done, the part was 
mounted on the fixture in proper radial position. This radial position determined the radius 
machined on the hooks. 

In the present method, the bucket is mounted in the fixture as in Figures 1, 2, 3 and 4 on 
the other side of rotation. In one radial position, any radius can be machined. For programming 
operation D, I decide to use a CAD simulation (Figure 5) to obtain coordination of points A & L, 
rotation angles h-Q & -Q and the value of the convex radius E + R. 

To make this CAD simulation, the radius R is used, this is the radius on the first hook. 
All three radiuses R, R + Dl, R + D2 are drawn fi-om the same center (this information is from 
the drawing). The form cutter used for machining the radiuses has to have the same distance 
between the cutting edges as is between the hooks. This means that if the cutter is constantly 90"" 
to theoretical tangent line in the cutting point on radius R, it is also 90° to theoretical tangent line 
in the cutting point to radius R + Dl and radius R +D2. 

For this trigononietric construction, radius R, R + Dl, or R +D2 can be used. Dimension 
E will change accordingly and needs to be measured from the center of rotation to the quadrant of 
the radius that is used for the construction. 
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